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ABSTRACT

In this study, a professional development (PD) seminar was designed and implemented
with elementary pre-service teachers (n=20) enrolled in a mathematics content course at a
small Midwestern university. The central focus of the PD was on bringing inquiry,
specifically the 5E model, into mathematics instruction at the elementary level. The
structure of the PD followed the 5E model format and participants learned about inquiry
through inquiry. The study utilized a pre-post-test design and measured participants’
knowledge about the 5E model and beliefs about using inquiry in elementary
mathematics instruction. Statistically significant growth from pre-test to post-test appears
in the four variables tested: 5E content knowledge, beliefs about using inquiry in
mathematics, self-efficacy to implement inquiry, and intentions to use inquiry.

Keywords: Professional development, Pre-service teachers, Beliefs, Inquiry mathematics
education
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CHAPTER ONE

INTRODUCTION

As the number of science, technology, engineering, and mathematics (STEM)
career options continue to increase, there becomes a greater need to maximize student
potential and encourage the pursuit of studying in the STEM disciplines (PCAST, 2012).
The increase in STEM career options has led to a paradigm shift in teacher pedagogy,
especially in the field of mathematics (PCAST, 2012). In fact, current reform efforts
suggest the use of inquiry-oriented instruction (NCTM, 1991) or the use of studentcentered pedagogy that increases student learning through investigation and context of
real-world problems (Supovitz, Mayer & Kahle, 2000). One specific research-based
instructional model with these important characteristics is the 5E. The 5E model of
inquiry includes strategies for active learning, student engagement, and specific
instructional focus through 5 distinct stages: Engagement, Exploration, Explanation,
Elaboration, and Evaluation (Bybee et al., 2006; Bybee, 2014).
In order to propel the reform movement in mathematics, the Common Core State
Standards (CCSS) were created to stress conceptual understanding of ideas with
emphasis on a return to organizing principles. However, this pedagogical emphasis is a
stark shift away from how mathematics has been historically taught which has been
through direct instruction, using standards that mainly required recalling formulas or
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basic arithmetic facts without having to show understanding of the concept (“Old
Standards v. Common Core,” n.d.). Now educators – both in-service and pre-service – are
expected to create instructional opportunities within mathematics that meet the CCSS and
challenge students to develop mathematical thinking skills that prepare them for college,
career, and life beyond K-12 school. Two key components necessary to facilitate this
pedagogical shift are teachers’ beliefs about how mathematics should be taught and their
knowledge of creating inquiry-based mathematics lessons.
Teachers’ beliefs - “an individual’s judgment of the truth or falsity of a
proposition” - are influenced by the specific individual’s experiences (Pajares, 1992, p.
316). Beliefs serve as a basis for subsequent action (Pajares, 1992) and “are a crucial
component of teachers’ pedagogical content knowledge” (Forbes & Zint, 2010, p.31).
Pre-service teachers’ beliefs about how mathematics should be taught and their
perception of their own capabilities to teach math (i.e., self-efficacy) are shaped from
their experiences as students during K-12 school (Pajares, 1992) then further developed
during teacher preparation (Lortie, 1975). As a result of mathematics often being taught
in an authoritarian manner at both the K-12 and post-secondary levels, many elementary
pre-service teachers believe that mathematics means applying formulas without providing
authentic classroom experiences as one would find in an inquiry-based classroom (see
Szydlik, Szydlik & Benson, 2003). Furthermore, research suggests that pre-service
elementary teachers experience high levels of mathematics anxiety (Bursal & Paznokas,
2006; Gresham, 2007) have negative views of mathematics (Cady & Rearden, 2007), feel
ill-prepared to teach mathematics due to deficiencies in their mathematical content
knowledge (MCK) and pedagogical content knowledge (PCK; Vinson, 2001), and have

2

low self-efficacies to teach mathematics (Beswick, 2006; Bursal & Panznokas, 2006;
Swars, Daane, & Giesen, 2006). Therefore, in order to change how mathematics
instruction is implemented in the elementary classroom (i.e., through inquiry-based
pedagogies), pre-service teachers’ beliefs, knowledge, and skills for implementing
inquiry must change.
While teacher education programs train pre-service teachers to use more
constructivist approaches to education, pre-service teachers need additional training to
help them become proficient in meeting this pedagogical shift. One method of training is
through Professional Development (PD) seminars. In fact, many recent efforts to improve
mathematics instruction have focused on professional development (McCaffrey,
Hamilton, Stecher, Klein, Bugliari, & Robyn, 2001) and show that teachers’ knowledge,
beliefs, and instructional strategies can be transformed through effective PD opportunities
(Boston & Smith, 2009; McMeeking, Orsi, & Cobb, 2012). Unfortunately, an effective
PD can have many different characteristics depending upon the audience. By utilizing the
ideas found in current reform efforts for the classroom, a PD can be made more effective
by providing active and engaging opportunities for teachers to deepen knowledge (Garet,
Porter, Desimone, Birman, & Yoon, 2001; Heck, Banilower, Weiss, & Rosenburg 2008).
The 5E model of inquiry instruction (Bybee, 2014; Bybee et al., 2006) might serve as a
viable format to organize a PD about the 5E model as it should engage participants in
learning the content and enhance their beliefs about teaching mathematics through
inquiry.
Therefore, the present study had two aims: (1) to design and implement an
effective PD seminar that would train elementary pre-service teachers on the 5E model of

3

inquiry instruction (Bybee, 2014; Bybee et al., 2006) for teaching mathematics and (2) to
test the effectiveness of the PD on participants’ beliefs towards inquiry-based instruction
within mathematics. Specifically, we wanted to determine if the one-day PD about
designing inquiry-based lessons for mathematics would affect elementary pre-service
teachers’ knowledge of the 5E instructional model and their beliefs about, perceived
capacities, and intentions to use inquiry for mathematics teaching.
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CHAPTER TWO

LITERATURE REVIEW

Mathematical and Pedagogical Content Knowledge
Pre-service teachers enter teacher education programs with at least 13 years of
experience as students. During those 13 years, pre-service teachers develop knowledge of
different content areas – germane to this study, mathematics. In what Lortie (1975) has
termed apprenticeship observation, pre-service teachers form knowledge– both
mathematical content knowledge (MCK) and pedagogical content knowledge (PCK)
(Shulman 1986; Thames, & Phelps, 2008). MCK refers to both the conceptual knowledge
– i.e., knowing the concepts (e.g. understanding the use of zeros with place value
problems) and the procedural knowledge, which is knowing how to do the math (e.g.
step-by-step instructions for solving two-step linear equations) (Newton, Evans, Leonard,
& Eastburn, 2012). Research suggests that pre-service elementary mathematics teachers
lack MCK – that is, a deep conceptual understanding of the mathematics content
knowledge needed to teach (Ball, Hill, & Bass, 2005; Newton, Evans, Leonard, &
Eastburn, 2012). Due to the lack of knowledge and understanding, many pre-service
elementary teachers have high levels of mathematics anxiety (Bursal & Paznokas, 2006;
Gresham, 2007), so they perceive they are less competent than those with lower
mathematics anxiety (Ashcraft & Moore, 2009).
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PCK refers to the knowledge that teachers should possess in order to be able to
teach (Shulman, 1986) and includes knowing how to encourage student responses and
how to respond to correct and incorrect answers, how to make the subject more
understandable to students, and how to identify misconceptions (Archambault & Crippen,
2009). PCK influences the instructional strategies that a teacher will choose to use in
their classroom (Clark, et al., 2014; Phillip, et al., 2007). PCK can be influenced by
content knowledge as it often takes a deeper understanding of the subject in order to
figure out appropriate methods to use to help novices learn the material -- especially in an
inquiry-based classroom (Clark, et al., 2014). PCK can be a strong predictor of student
learning, as teachers with stronger PCK tend to challenge and assess their students with
more cognitively demanding activities as opposed to those teachers with weaker PCK’s
who tend to focus on activities and assessments that measure basic arithmetic facts
(Baumert, et al., 2010). Therefore, developing adequate MCK and PCK is important for
effective instruction and a major plight for teacher education programs. In fact, teacher
education and Professional Development should address both MCK and PCK in ways
that advance mathematics content knowledge while fostering effective pedagogical
practices (Georges, Borman, & Lee, 2010). In order to advance MCK, mathematical
content should be challenging to pre-service elementary teachers. As such, pre-service
elementary mathematics teachers should learn mathematics above the level that they will
be teaching so they have a deep, conceptual understanding of the mathematics.
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Pre-service Teacher Beliefs
As apprentices in the classroom, pre-service teachers also develop beliefs about
how mathematics should be taught as well as their perceptions of their own abilities to
teach – i.e., self-efficacy (Bandura, 1997; Lortie, 1975; Pajares, 1992). Beliefs about
teaching, as well as, self-efficacy beliefs are influenced by mastery experiences (i.e.
personal success or failure), vicarious experience (i.e. observations of others), verbal
persuasion (i.e. motivation or praise), and affective states (i.e. stress and emotions)
(Bandura, 1997; Pajares, 1992). Beliefs serve as a lens through which new information is
viewed and evaluated prior to internalization and action. In other words, beliefs mediate
the relationship between knowledge and practice (Pajares, 1992; Wilkins, 2008). For
example, pre-service teachers having high self-efficacy beliefs for learning and teaching
the mathematics content are more likely to seek out challenges, persist during times of
difficulty, utilize creative problem-solving strategies (Pajares, 1996) and have lower
mathematics anxiety (Hoffman, 2010; Jain & Dawson, 2009). Therefore, beliefs
influence future actions, which for teachers, includes the pedagogical choices that they
make in the classroom. (Pajares, 1992; Richardson, 1996; Thompson, 1992; Forbes &
Zint, 2010).
Once beliefs become well established, they are more difficult to change (Bandura,
1997; Pajares, 1992). Luckily, pre-service teachers’ beliefs are quite malleable during
teacher preparation. For example, research suggests that pre-service teachers’ selfefficacy beliefs for teaching mathematics increase during their methods courses, but
decline during student teaching (Newton, Evans, Leonard, & Eastburn, 2010, p. 290).
The decrease during student teaching is likely the result of decreased support during a
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very demanding time. Thus, addressing pre-service teachers’ beliefs about the teaching of
mathematics is more advantageous during teacher preparation because pre-service
teachers’ beliefs are more susceptible to change during that time period (Decker, RimmKaufman, 2008).
Role of Teacher Education
The purpose of teacher education is to challenge what pre-service teachers have
learned about different ways of teaching from their years as students, teach pre-service
teachers to put what they learn into action, and show that teaching is complex (DarlingHammond & Bransford, 2007). Unfortunately, as a result of forming knowledge and
beliefs while acting as students, many pre-service teachers enter teacher education
programs with false mental models (i.e. misconceptions) of what and how to teach
mathematics. For example, most pre-service mathematics teachers enter teacher
education programs with the idea that it is their job to dispense formulas, rules, and
procedures to their students because most pre-service mathematics teachers learned
mathematics in this way (Phillip et al., 2007; Stipek et al., 2001). In order for pre-service
teachers’ conceptions to change, their current beliefs about teaching must be challenged
and found dissatisfying, and the new belief must be intelligible, plausible, and appear
fruitful (Pintrich, Marx, & Boyle, 1993; Posner, Strike, Hewson, & Gertzog, 1982).
In response to the reform movements in mathematics, advocated by NCTM and
the CCSS, teacher education programs are now encouraging prospective teachers to adopt
constructivist pedagogies which stray pre-service teachers away from solely dispensing
knowledge to eliciting student responses and helping students construct their own
understanding of the mathematical content (Grossman, Hammerness, & McDonald, 2009;
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Holt-Reynolds, 2000; MacPhail, Tannehill, & Karp, 2013). One such pedagogy that
meets the aforementioned constructivist goals is inquiry. “Inquiry is a process of learning
that is driven by questioning, thoughtful investigating, making sense of new information,
and developing new understandings” (as cited in Diggs, 2009, p. 31). Inquiry-based
mathematics is different from traditional mathematics in that students work in small
groups and utilize whole-class discussion to construct their own mathematical
understandings that they will explain to their peers (Chapko & Buchko, 2004). When
implementing inquiry in the classroom, the student is viewed as an active learner in the
classroom by discovering and constructing mathematical relationships while the teacher
is the facilitator (Herrera & Owens, 2001).
Although teacher education programs strive to change pre-service teacher’s
beliefs, the programs – on their own -- are usually not enough. During teacher education,
pre-service teachers may add new beliefs to their prior beliefs; however, when
challenged, pre-service teachers will often revert back to their firmly established beliefs - e.g., didactic instruction rather than constructivist (Patrick & Pintrich, 2001). PDs offer
another venue to reinforce new views that are learned in teacher education and potentially
help to clear misconceptions that may have formed. Self-efficacy beliefs can also be
challenged and improved during PDs as a result of participants using the opportunity to
practice newly learned skills.

Professional Development and the 5E Model of Inquiry
One specific model of inquiry that will meet the shifting pedagogical needs is the
5E model of instruction. During the 5E each student will go through 5 distinct stages:
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engagement, exploration, explanation, elaboration, and evaluation, with the teacher as the
facilitator.
Engagement, the first stage in the 5E model of instruction, engages the students in
the topic. The teacher may present the students with a problem, situation, or event to
challenge thinking and spark student interest. The engagement should make connections
to past experiences and disrupt students’ equilibrium (i.e. provide opposition to already
formed opinions) (Bybee, et al., 2006: Bybee, 2014). For example, when teaching the
concept of two- and three-dimensional shapes, a potential engagement would be: The
teacher will tell the students that she is building a house and the architect wants them to
review the blueprint or plan for accuracy. The teacher asks the students if they know what
an architect is and what they do. Then she shows them the blueprint and presents the
challenge: To figure out what types of two-dimensional shapes are in the plan for the
house and to figure out how to make those two-dimensional shapes three-dimensional.
The lesson would then transition into the Exploration. The exploration phase of
the model would require student engagement in an activity that allows students to
discover new skills, think, and investigate, test, make decisions, or problem-solve, collect
information, and establish relationships and understanding of the targeted content (Bybee,
et al., 2006; Bybee, 2014). During the Exploration phase, the teacher encourages students
to work together in their groups, observes and listens to the students, and asks probing
questions to redirect student thinking. Students think freely within the limits of the
activity, test predictions and hypotheses, records observations and ideas, and make
judgments. For example, a possible exploration connected to the architect lesson would
be: Students work together in groups to find all two-dimensional shapes in the architect’s
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blueprint. Each group of students would then create a three-dimensional model of the
two-dimensional shapes using construction paper, tape, glue, etc. provided by the teacher.
Explanation, the third phase of the model, allows for the teacher and students to
collectively analyze and make sense of their findings from the exploration activity.
During this phase, students’ understanding is clarified or modified to the point where
concepts, processes, or skills become plain, comprehensible, and clear (Bybee, et al.,
2006; Bybee, 2014). The teacher will encourage students to explain the concepts in their
own words, ask for evidence from students, and formally provide definitions or new
labels using the students’ previous experiences as a basis for explaining. Students will
explain possible solutions, listen to and possibly question other students’ explanations,
and try to comprehend any explanations that are provided by the teacher. An example
explanation for a mathematics lesson might be: As a class, students discuss the threedimensional shapes they created. Individual groups will provide descriptions for what
they discovered, showing their work making sure to demonstrate the difference between
two- and three-dimensional shapes. The teacher will facilitate the discussion between the
students and introduce definitions such as cube, pyramid, face, and vertex.
In the next stage, the Elaboration, student thinking is expanded or solidified
through an activity that applies to a real-world situation. The activity should provide an
extension to the content being explored (Bybee, et al., 2006; Bybee, 2014). During the
elaboration the students will apply new labels, definitions, and skills in similar situations,
use previous information to ask questions and propose solutions, and draw reasonable
conclusions from evidence. One possible elaboration idea would be: In groups, students
will extend their thinking by acting as architects. They will use their new knowledge of
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three-dimensional shapes to create a plan for their dream house. Students will then create
a model of the dream home using some pre-made shapes and any shapes they want to
create on their own, thus transferring and applying the knowledge they have actively
constructed during the prior E’s.
The final stage of the 5E model is the Evaluation. Evaluation occurs throughout
the lesson, which allows the teacher to assess student performance or understanding of
concepts, skills, processes, and applications (Bybee, et al., 2006; Bybee, 2014). During
the evaluation the teacher assesses students’ knowledge or skills, looks for evidence that
the students have changed their thinking or behaviors, allows students to assess their own
understanding, and asks open-ended questions. The students will answers open-ended
questions using evidence, demonstrate an understanding of the concept or skill, evaluate
his/her own progress, and ask related questions that could encourage future investigation.
Even though the Evaluation is considered the final stage, evaluation occurs both
throughout the lesson and at the end. Formative evaluation often occurs throughout all the
stages of the lesson. Often formative evaluation occurs through questioning. Summative
evaluation usually occurs at the end of the lesson and can take many forms (e.g., exit
slip, observation checklist, quiz). Regardless, it is important that students receive
feedback. Students should also be encouraged to assess their own understanding using
appropriate assessment tools provided by the teacher or co-developed in conjunction with
the students. An example of a summative evaluation would be: Students will complete an
exit slip with three questions regarding two- and three-dimensional shapes. Each student
will complete this individually to demonstrate what he/she has learned. The teacher will
compare the results to each student’s bell-ringer outcome.
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While the 5E model of inquiry is typically applied to classroom lessons, a variety
of courses and workshops are offered to help teachers understand the 5E model of
instruction or are developed using the model (Bybee, et al., 2006). The PD created for
this study was structured to resemble the 5E model. By using the 5E model to construct a
PD, the participants are learning new teaching methods (i.e., building PCK) in the same
way that their students will be learning new mathematical ideas, thus reinforcing the
newly learned content.
Beginning with the engagement, the participants were immersed in a full 5E
model lesson (see Appendix A). The 5E model lesson was designed for a high school
mathematics classroom and explored the topic of repeatable permutations. The lesson
demonstrated a variety of aspects that are central to the 5E model of teaching, including
capturing student attention at the beginning and accessing prior knowledge. The activities
in the lesson were group-oriented, with each team member assigned a task. During the
explanation, the participants derived the formula for repeatable permutations with
scaffolding from the teacher. The evaluation showed another practice of student selfassessment as it allowed students to see how well they knew the material.
In the exploration phase of the PD, participants were challenged to deconstruct
the lesson in an attempt to compare and contrast their learning experience and lesson
format to other types of mathematics lessons they have experienced during their learning
career (e.g., lecture, direct instruction, inquiry). Each participant was given 15 minutes to
fill out a 4-question discussion guide (see Appendix B). Each question created for the
discussion guide was open-ended, requiring more than just a yes or no answer.
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During the explanation phase of the PD, the entire class deconstructed the lesson.
Using the questions from the discussion guide as a starting point, the 5E model of inquiry
was introduced at this point. Each participant was given a specially designed 5E flipbook
(see Appendix C). The flipbook contained a brief description of each of the 5 E’s with
information about the teacher’s role, the student’s role, and suggested formatting for
activities within each E.
The PD then transitioned to the elaboration phase. During this part of the PD, the
participants were paired and challenged to create the beginnings of their own 5E lesson
on the topic of similar and congruent triangles (see Appendix D). Due to time constraints,
the PD focused on the participants’ engagement and exploration ideas. After
brainstorming, each group chose their best engagement and exploration ideas to present
to the larger group. Using a gallery walk technique, each group then shared their ideas
with the rest of the participants and received feedback on their ideas. In the evaluation
phase of the PD, participants completed an assessment measuring both their PCK about
the 5E model of inquiry and their beliefs about inquiry.

Summary
Teacher education programs are working diligently to train pre-service
elementary teachers to meet the demands of current mathematical reform efforts
(Darling-Hammond & Bransford, 2007). Unfortunately, the research indicates that preservice elementary teachers are experiencing difficulties – lacking MCK and PCK for
teaching mathematics (Ball, Hill, & Bass, 2005; Clark, et al., 2014; Newton, Evans,
Leonard, & Eastburn, 2012), experiencing high levels of mathematics anxiety, and
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feeling ill-prepared to teach mathematics (Bursal & Paznokas, 2006; Gresham,
2007;Vinson, 2001). Research shows that teachers’ knowledge, beliefs, and instructional
strategies can be transformed through effective PD opportunities (Boston & Smith, 2009;
McMeeking, Orsi, & Cobb, 2012). Therefore, we wanted to answer the following
questions to determine if pre-service elementary teachers would benefit from
participating in a one-time PD:
1) Do pre-service teachers’ beliefs about using inquiry-based practices in
mathematics instruction change?
2) Do pre-service teachers’ self-efficacy (competence) beliefs for implementing
inquiry in the classroom increase?
3) Do pre-service teachers’ intentions to use inquiry-based practices in future
mathematics instruction change?
4) Do pre-service teachers’ knowledge about the 5E model increase?
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CHAPTER THREE

METHODS
Data Sources
The participants of this study were 20 elementary pre-service teachers enrolled in
a mathematics content course at a small Midwestern university. The sample was
comprised of 95% females and 5% males. One-quarter of the participants were minority
races (Black and Hispanic) with the remaining three-quarters of the participants being
white. At the sample university, the mathematics content courses precede pedagogy
courses during the elementary teacher education program; therefore, the majority of
participants in the sample had no formal pedagogical training for teaching mathematics or
inquiry instruction.

Instrumentation
In the current study, beliefs were measured using a modified version of the
measures created and implemented by Forbes and Zint (2010). Their measures consisted
of 10 parallel items that represented scientific inquiry practices with three different
questions to evaluate participants’ beliefs, perceived competencies, and reported
engagement in inquiry-based teaching for environmental issues. Their analyses indicated
strong internal consistency among the 10 items and the three factors accounted for 69%
of the variance in the scores.
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For the current study, each scale used 7 parallel items – 5 from the original
measures plus two additional items that incorporated specific language from the 5E
model of inquiry for teaching mathematics (e.g., “Perform investigation and gather data
about mathematical concepts”). To measure participants’ beliefs about using inquirybased practices in mathematics instruction, participants rated each item on a 7-point
Likert scale assessing the degree to which they agreed with the following question:
“When I am teaching mathematics, I should design instruction that requires my students
to….” (αpre = 0.93, αpost = 0.87). To measure participants’ competency beliefs (i.e., selfefficacy) for implementing inquiry-based instruction in mathematics, participants rated
each item on a 7-point Likert scale assessing the following question: “How confident are
you in your current abilities to design instruction that requires your students to…” (αpre =
0.94, αpost = 0.93). To measure participants’ intentions to use inquiry-based practices in
future mathematics instruction, participants rated each item on a 7-point Likert scale
assessing the likelihood of the following question: When I am teaching mathematics, I
intend to design instruction that requires my students to….” (αpre = 0.96, αpost = 0.88).
Knowledge about the 5E model of inquiry was also measured using a seven
question matching and short-answer assessment which was created specifically for the
study (see Appendix E). Each question required the participants to match the description
given with the stage of the 5E model that was being described. Participants then had to
justify their choice by providing 3 specific characteristics of the stage chosen in an openresponse format. Questions were assessed using an instructionally aligned rubric. Total
score was calculated as a percentage of items correct (0-100).
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Procedure
The overarching goal of the project was to test the effects of the PD on
elementary pre-service teachers’ beliefs about teaching mathematics using inquiry-based
practices – specifically the 5E model of instruction. One week prior to the
implementation of the PD, participants completed the pre-assessment measures to get a
baseline of their knowledge and beliefs about inquiry and the 5E model of instruction.
The structure of the PD followed the 5E model format. The PD occurred in a 2.5-hour
time frame, and participants took home resources to further their knowledge of the 5E
model of instruction and to finish their lessons.

Analyses
In order to answer the research questions one-way, repeated measures analysis of
variance (ANOVA) was conducted using the IBM SPSS 23 statistical program. A oneway, repeated measures ANOVA is appropriate to measure the change in beliefs and
knowledge from pre- to post-test within a single sample. A p-value less than .05 on any
of the constructs (i.e., 5E content, beliefs, self-efficacy, and intentions) demonstrates
statistically significant change from pre-test to post-test. To evaluate the importance of
the findings and determine the relative magnitude of the differences between the means,
we calculated partial eta squared as a measure of effect size. Partial eta squared effect
size statistics indicate the proportion of variance of the dependent variable that is
explained by the independent value (Tabachinick & Fidell, 2013) or how large the
difference between groups actually is (Levine & Hewitt, 2002). To interpret the strength
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of the effect sizes detected in this study, I used the guidelines proposed by Cohen (1988):
small = .01, medium = .06, and large = .138.
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CHAPTER FOUR

RESULTS
Prior to conducting the comparison analyses, the data were checked to ensure that
they met the assumptions of normality, independence, and homogeneity of variance.
Table 1 summarizes the descriptive and inferential findings of the four variables of
interest: 5E content, beliefs about inquiry, self-efficacy for inquiry, and intentions to use
inquiry. Using a repeated measures ANOVA with a Greenhouse-Geisser correction, there
was statistically significant growth from pre-test to post-test in all four variables: 5E
content (Mpre = 27.98, SD = 16.67; Mpost = 36.90, SD = 16.80), F(1, 17) = 5.43, p = .03,
beliefs about inquiry (Mpre = 5.75, SD = 0.97; Mpost = 6.52, SD = 0.48), F(1, 17) = 16.00,
p = .001, self-efficacy for inquiry (Mpre = 5.02, SD = 1.17; Mpost = 6.09, SD = 0.80), F(1,
18) = 15.46, p = .001, and intentions to use inquiry (Mpre = 5.98, SD = 0.97; Mpost = 6.62,
SD = 0.47), F(1, 18) = 11.53, p = .003. Effect sizes for all four variables were strong– 5E
content (partial 2 = 0.24), beliefs about inquiry (partial 2 = 0.49), self-efficacy for
inquiry (partial 2 = 0.46), and intentions to use inquiry (partial 2 = 0.39).
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Table 4.1
Descriptive and Inferential Statistics for All Variables
Pre-Test

Post-Test

Δ

F

partial 2

27.98 (16.67)

36.90 (16.80)

+8.92

5.43

0.24

Beliefs

5.73 (0.97)

6.52 (0.48)

+0.79

16.00

0.49

Self-efficacy

5.02 (1.17)

6.09 (0.81)

+1.07

15.46

0.46

Intentions

5.98 (0.97)

6.62 (0.47)

+0.64

11.53

0.24

5E Content

Note. Standard deviations appear in parentheses next to the means.
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CHAPTER FIVE

DISCUSSION

Research suggests that pre-service teachers enter their teacher preparation
programs with well-established beliefs about teaching and learning (Lortie, 1975; Pajares,
1992). Once beliefs are established, they are unlikely to change unless challenged
(Pajares, 1992). Since most elementary pre-service teachers believe that mathematics
should be taught through applying memorized formulas and procedures (Szydlik, et al.,
2003), providing opportunities to experience inquiry-based mathematics lessons and
professional development (PD) training should challenge the pre-existing beliefs of how
mathematics should be taught and inspire potential belief change.
In our study, the findings indicated that elementary pre-service teachers benefitted
from a one-time PD about the 5E model of inquiry instruction. By engaging in a PD that
required participants to actively investigate inquiry through inquiry, pre-service teachers
demonstrated an increase in knowledge about the 5E model (Bybee, 2014), albeit the
scores indicate a novice understanding. This finding was to be expected, however, since
participants had little to no exposure to the 5E model prior to the PD, and one 2.5 hour
session was not enough to help them gain more than a preliminary understanding. By
utilizing the 5E model to structure the PD, participants were provided with more
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opportunities to be engaged throughout the seminar, which some research suggests can be
an integral part of an effective PD (Garet et al., 2001; Heck et al. 2008).
In addition, participants believe very strongly that they should design instruction
using inquiry-based methods and intend to do so in the future. They also appear to be
extremely confident (i.e., highly efficacious) in their abilities to design instructional
opportunities using inquiry-based methods. Considering that participants in this study are
very early in their educational careers and have had little to no formal pedagogical
training outside of the study PD, it would seem plausible that these scores reflect an
inflated perception of their capabilities (Pajares, 1992) or “unrealistic expectations” about
teaching in general and personal abilities (Weisnstein, 1988, p.32). Continued mastery
experiences where pre-service teachers experience success and failure will help to make
their self-efficacy beliefs more realistic (Bandura, 1997). However, the finding is
positive, as having strong favorable beliefs towards using inquiry during mathematics
instruction will influence future instructional decisions (Pajares, 1992; 1996).
While many professional development seminars are commonly criticized for
being too short or offering limited follow-up (Penuel, Fishman, Yamaguchi, Gallagher,
2007), it is encouraging to see the impact of a one-time inquiry-based PD on elementary
pre-service teachers’ 5E content knowledge and beliefs about using inquiry to teach
mathematics. Although the 5E instructional tool was not originally designed as a model
for structuring professional development workshops (Bybee et al., 2006), findings from
this study indicate that elementary pre-service teachers benefited from the experience.
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Limitations and Future Research
Although positive results were found in the current study, one must acknowledge
the limitations to the study. First, the small sample size is a limitation of the research and
restricts the level of generalizability of the findings. In the future, efforts should be made
to increase the size and variation of the participants being utilized in the research. In
addition, findings from this study are also limited because of the inclusion of only one
group using the pre-test post-test design. Employing a pre-test post-test control group
design including at least two groups for comparison would strengthen the confidence in
the outcomes. Finally, PDs are often criticized for being short and offering limited
follow up (Penuel, Fishman, Yamaguchi, Gallagher, 2007) – the PD in this study is no
exception. Future work should plan for on-going mentoring and evaluation of pre-service
elementary teachers’ developing MCK, PCK, and beliefs about implementing inquiry in
the elementary classroom throughout a longer period of time (e.g., duration of teacher
preparation, through the first year of teaching) to extend the ideas presented in this study
and test the efficacy of the efforts made.
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APPENDIX B

What Do YOU Think?
1. What percentage of the time did you feel as though you were engaged (totally
focused and participating) in the lesson? Please circle one.
10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Please provide 3 characteristics of the lesson that contributed to your level of
engagement.

___________________________________________________________
___________________________________________________________
___________________________________________________________

2. Assign descriptive words to the teacher behaviors and student behaviors that
you observed during the lesson.
Teacher
Characteristics

Student
Characteristics
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3. As compared to strategies I have experienced in a K-12 mathematics
classroom, this lesson is…
SIMILAR
To prior experiences in
mathematics instruction.

DIFFERENT
From prior experiences in
mathematics instruction.

4. Describe each stage of the lesson.

___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________
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APPENDIX D
PD TASK
Challenge: You and your partner will try to create an engagement and exploration
for a lesson on similar or congruent triangles.
STANDARD: CCSS.MATH.CONTENT.K.G.B.4 Analyze and compare two- and threedimensional shapes, in different sizes and orientations, using informal language to
describe their similarities, differences, parts (e.g., number of sides and
vertices/"corners") and other attributes (e.g., having sides of equal length).
1. Choose your topic (similar or congruent triangles) and consider the
following objective.
a. By the end of the lesson, students will be able to identify attributes
that make two triangles similar or different using the triangles’ parts
and other attributes.
2. Review yourself on the topic if needed.
3. Brainstorm ideas for a 5E lesson* focusing on the engagement and
exploration for this PD.
a. Technology can be incorporated in the lesson if you wish to include it.
b. Technology (i.e. cell phones, computers, tablets, etc.) can be used to
generate ideas or refresh yourself on the topic.
4. Choose your best ideas for engagement and exploration
5. Write your best engagement and exploration ideas on the large post-it note
that is provided. Make sure you have included enough detail for a person
who knows nothing to understand your ideas!
*NOTE: If you finish these two sections you may go ahead and create the
explanation, elaboration, and evaluation. Your team will be required to submit one
typed, finished lesson plan along with an assessment (the evaluation) to Dr.
Gerberry by Wednesday April 8th. An electronic template will be provided to you for
the assignment.
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Teachers:
Date:
Subject / grade level:
Standard:
CCSS.MATH.CONTENT.K.G.B.4 Analyze and compare two- and three-dimensional

shapes, in different sizes and orientations, using informal language to describe
their similarities, differences, parts (e.g., number of sides and vertices/"corners")
and other attributes (e.g., having sides of equal length).
Lesson objective(s):

By the end of the lesson, students will be able to identify attributes that make two
triangles similar or different using the triangles’ parts and other attributes.
ENGAGEMENT

EXPLORATION

EXPLANATION

ELABORATION

EVALUATION
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APPENDIX E
INSTRUCTIONS: Each item below represents a stage in the 5E model. Read
each item. Decide which stage of the 5E model is being described and place the
letter that corresponds to the stage in the blank provided. Justify each choice
by relating the item description to at least 3 specific characteristics of the
stage chosen.
Some E’s will be used more than once.
A.
B.
C.
D.
E.

Engagement
Exploration
Explanation
Elaboration
Evaluation

1. ______ Students work together in groups to find all two-dimensional shapes in
the architect’s blueprint. Each group of students will then create a threedimensional model of the two-dimensional shapes.
Justification:
1.________________________________________________________________
2.________________________________________________________________
3.________________________________________________________________

2. _____ Students will complete an exit slip with three questions regarding twoand three-dimensional shapes. Each student will complete this individually to
demonstrate what he/she has learned. The teacher will compare the results to
each student’s bell-ringer outcome.
Justification:
1._________________________________________________________________________________
2._________________________________________________________________________________
3._________________________________________________________________________________
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3. _____ The teacher will tell the students that she is building a house and the
architect wants them to review the blueprint or plan for accuracy. The teacher
asks the students if they know what an architect is and what they do. Then she
shows them the blueprint and presents the challenge: To figure out what types
of two-dimensional shapes are in the plan for the house and to figure out how to
make those two-dimensional shapes three-dimensional.
Justification:
1.________________________________________________________________
2.________________________________________________________________
3.________________________________________________________________

4. _____ As a class, students discuss the three-dimensional shapes they created.
Individual groups will provide descriptions for what they discovered, showing
their work making sure to demonstrate the difference between two- and threedimensional shapes. The teacher will facilitate the discussion between the
students and introduce any definitions.
Justification:
1.________________________________________________________________
2.________________________________________________________________
3.________________________________________________________________

5. _____ In groups, students will extend their thinking by acting as architects. They
will use their new knowledge of three-dimensional shapes to create a plan for
their dream house. Students will then create a model of the dream home.
Justification:
1.________________________________________________________________
2.________________________________________________________________
3.________________________________________________________________
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6. _____ The teacher will show pictures in a random sequence of two- and threedimensional shapes. Each student will have cards – one that is red with a two on
it and the other that is yellow with a three on it. When the teacher presents a
picture, each student will display the card that corresponds to what they believe
the defining characteristic is.
Justification:
1.________________________________________________________________
2.________________________________________________________________
3.________________________________________________________________

7. _____ Students will be given the task of finding three-dimensional objects in the
real world to apply their newly constructed knowledge. Students will be given a
list of three-dimensional shapes and while outside they will be required to
describe where they found the shape and/or take a picture of the specified
shape (i.e., compile data).
Justification:
1.________________________________________________________________
2.________________________________________________________________
3.________________________________________________________________
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